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Description 

Technical Field 

The field of this invention is The production of xenogeneic specific binding proteins in a viable non-primaie 
malian host 



Background 

io Monoclonal antibodies find use in both diagnosis and therapy. Because of their ability to bind to a specific epitope, 

they can be uniquely used to identify molecules carrying that epitope or may be directed, by themselves or in conjunction 
with another moiety, to a specific site tor diagnosis or therapy. 

Monoclonal antibodies comprise heavy and light chains which join together to define a binding region for the 
epitope. Each of the chains is comprised of a variable region and a constant region, The constant region amino acid 

is sequence is specific for a particular Isotype of the antibody, as well as the host which produces the antibody. 

Because of the relationship between the sequence of the constant region and the species from which the antibody 
is produced, the introduction of a xenogeneic antibody into the vascular system of the host can produce an immune, 
response. Where the xenogeneic antibody may be introduced repetitively, in the case of chronic diseases, it becomes 
impractical to administer the antibody, since it will be rapidly destroyed and may have an adverse effect There have 

20 been, therefore, many efforts to provide a source of syngeneic or allogeneic antibodies. One technique has involved 
the use of recombinant DNA technology where the genes for the heavy and light chains from the host were identified 
and the regions encoding the constant region isolated. These regions were then joined to the variable region encoding 
portion of other immunoglobulin genes from another species directed to a specific epitope. 

While the resulting chimeric partly xenogeneic antibody is substantially more useful than using a fully xenogeneic 

ss antibody, it still has a number of disadvantages. The identification, isolation and joining ot the variable and constant 
regions requires substantial work. In addition, the joining of a constant region from one species to a variable region 
from another species may change the specificity and affinity of the variable regions, so as to lose the desired properties 
of the variable region. Also, there are framework and hypervariable sequences specific for a species in the variable 
region. These framework and hypervariable sequences may result In undesirable antigenic responses. 

so it would therefore be more desirable to produce allogeneic antibodies for administration to a host by immunizing 

the host with an immunogen of interest. For primates, particularly humans f this approach is not practical. The human 
antibodies which have been produced have been based on the adventitious presence ot an available spleen, from a 
host which had been previously immunized to the epitope ot interest. While human peripheral blood lymphocytes may 
be employed for the production of monoclonal antibodies, these have not been particularly successful in fusions and 

35 have usually led only to igM. Moreover, it is particularly difficult to generate a human antibody response against a 
human protein, a desired target in many therapeutic and diagnostic applications. There is. therefore, substantial interest 
in finding alternative routes to the production of allogeneic antibodies for humans. 



Relevant Literature 

Thomas and Capecchi, Cell. 51, 503-51 2. 1987. Koller and Smithies, Proc. Natl. Acad. Sci. USA , 86, 8932-8935, 
1989. describe inactivating the B2microglobulin locus by homologous recombination in embryonic stem cells. Berman 
et aL EMBO.J . 7.727-738, 1988, describe the human I g VH locus, Burke, at aL Science. 236, 806-81 2. 1987, describe, 
yeast artificial chromosome vectors. See also, Garza etal. Science , 2f§. 641-646, 1989. and Brownstein etal, Sci; 

4 $ ence 244 1340-1351, 1989. Sakano, et at., describe a diversity segment of the immunoglobulin heavy chain genes. 
Sakanoej aL Nature, ' 290 . 562-565, 198V Tucker et aL Proc. Natl. Acad. Sci. USA . 78, 7684-7688. 1981, describe 
the mouse "ig A heavy chain gene sequence. Btanken6tein and Kruwlnkel Eur. J. Immunol., V7. 1351-1357. 1987, de- 
scribe the mouse variable heavy chain region. See also. Jovner et aL Nature , 339, 153-155, 1989. Traver at al.. Proc. 
Nat Acad. Sci. USA 86. 5898-5902, 1989, and Panchis et al . Proc Nat Acad Sci. USA. 87. 5109*5113. 1990. BrOgge- 

so mann el al, Proc. Natl. Acad. Set. USA , 86, 6709-671 3. 1 989. describes the introduction ot a heavy chain minilccus in 
fertilized mouse eggs. 



SUMMARY OF THE INVENTION 

55 Xenogeneic specific binding proteins are produced in a non-primate viable mammalian host by immunization of 

the non-primate mammalian host with an appropriate immunogen. 

The host Is characterized by: (1 ) being incapable of producing endogenous immunoglobulin due to a lesion in the 
j region of at least one copy of the immunoglobulin heavy chain locus; and, preferably, (2) an exogenous immunogiob- 
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ulin locus comprising at Iea9t one immunoglobulin constant region, or protein thereof, immunoglobulin sequences 
providing for the components ol the variable region ot at least one ol the light and heavy chains, and at least one intron 
with appropriate splicing sites for excision and assembly of a functional immunoglobulin subunit. Thus, the non-primate 
mammalian host will comprise at least one xenogeneic constant region or protein thereof capable of being spliced to 
5 a functional J region of an endogenous or exogenous immunoglobulin locus, may have an entire immunoglobulin locus 
of the host substituted by a portion or an entire xenogeneic immunoglobulin locus, or may have a xenogeneic immu- 
noglobulin locus inserted into a chromosome of the host cell and an inactivated endogenous immunoglobulin region. 
These various alternatives will be achieved, at least in part, by employing homologous recombination at the immu- 
noglobulin loci for the heavy and light chains. 

10 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

Novel transgenic mammalian hosts, other than primates, particularly other than human, are provided, where the 
host is capable of mounting an immune response to an immunogen, where the response produces antibodies having 

is primate, particularly human, constant and/or variable regions or such other effector peptide sequences of interest. The 
hosts are characterized by being capable of producing xenogeneic or modified antibodies as a result of substitution 
and/or inactivation of the endogenous immunoglobulin subunit encoding loci. The modifications retain at least a portion 
of the constant regions which provide for assembly of the variable region binding site bonded at the C -terminus to a 
functional peptide. The functional peptide may take many forms or conformations and may serve as an enzyme, growth 

so factor, binding protein, ligand, cytokine, effector protein, chelating proteins, etc. The antibodies may be any isotype, e. 
g,, igA, D, E, G or M or subtypes within the isotype. 

A number of strategies may be employed to achieve the desired transgenic hosts, various transgenic hosts may 
be employed, particularly murine, fagomorpha. ovine, porcine, equine, canine, feline, or the like, normally other than 
primate. For the most pat, mice have been used lor the production of B-lymphocytes for immortalization for the pro- 

25 duction of antibodies, Since mice are easy to handle, can be produced in large quantities, and are known to have an 
extensive immune repertoire, mice will usually be the animal of choice. Therefore, in the following discussion, the 
discussion will refer to mice, but it ehould be understood that other animals, particularly non-primate mammals, may 
be readily substituted for the mice, following the same procedures. 

In one strategy, as individual steps, the human heavy and light chain immunoglobulin gene complexes are intro- 

so duced into the mouse germ line and in a separate step the corresponding mouse genes are rendered non-functional. 
Human heavy and light chain genes are reconstructed in an appropriate eukaryotic or prokaryotic microorganism and 
the resulting DNA fragments can be Introduced into pronuclei of fertilized mouse oocytes or embryonic stem cells. 
Inactivation of the endogenous mouse immunoglobulin loci is achieved by targeted disruption of the appropriate loci 
by homologous recombination in mouse embryonic stem cells. In each case chimeric animals are generated which 

3S are derived in part from the modified embryonic stem cells and are capable of transmitting the genetic modifications 
through the germ line, The mating of mouse strains with human immunoglobulin loci to strains with inactivated mouse 
loci will yield animals whose antibody production is purely human. 

These strategies are based on the known organization of the immunoglobulin chain toe i in a number of animals, 
since the organization, relative location of exons encoding individual domains, and location of splice sites and tran- 

*o scriptional elements, is understood to varying degrees. In the human, the immunoglobulin heavy chain locus is located 
on chromosome 14, In the 5' - 3' direction of transcription, the locus comprises a large cluster of variable region genes 
( v h)' the dive'&'ty (D) region genes, followed by the joining (J H ) region genes and the constant (C H ) gene cluster. The 
size of the locus Is estimated to be about 2,500 kllobaees (kb). During B<ell development, discontinuous gene seg- 
ments from the germ line IgH locus are juxtaposed by means ol a physical rearrangement of the DNA. In order for a 
functional heavy chain Ig polypeptide to be produced, three discontinuous DNA segments, from the V H , D, and J M 
regions must be joined in a specific sequential fashion; V H to 0J H , generating the functional unit V M DJ H Once a V H DJ H 
has been formed, specific heavy chains are produced following transcription of the Ig locus, utilizing as a template the 
specific V H 0J H C M unit comprising exons and introns. There are two loci for Ig light chains, the k locus on human 
chromosome 2 and the X locus on human chromosome 22. The structure of the IgL loci is similar to that of the IgH 

so locus, except that the D region is not present. Following IgH rearrangement, rearrangement of a light chain locus is 
similarly accomplished by V L and J L joining of the c or X chain. The sizes of the X and k loci are each approximately 
1000 kb. Expression of rearranged IgH and an lg< or IgX light chain in a particular S<ell allows for the generation of 
antibody molecules. 

In order to isolate, clone and transfer the lgH hu locus, a yeast artificial chromosome may be employed. The entire 
55 lgH hu locus can be contained within one or a few yeast artificial chromosome (YAC) clones, The same is true for the 
Ig light chain loci. Subsequent introduction of the appropriate heavy chain or light chain YAC clones Into recipient yeast 
allows for the reconstitution of intact germ line Ig loci by homologous recombination between overlapping regions of 
homology. In this manner, the isolation of DNA fragments encoding the human Ig chain is obtained. 
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In order to obtain a broad spectrum of high affinity antibodies, it is not necessary that one include the entire v 
reoion Various V region gene families are Interspersed within the V region duster. Thus, by obtaining a subset of the 
3n v3on genSof the human heavy and light chain Ig loci (Berman ej al., EMBO J. (1988) 7: 727-738) rather 
man the entire complement of V regions, the transgenic host may be Immunized and be capable of mounting a strong 
immune response and provide high affinity antibodies. In this manner, relatively small DNA fragments of the chrome-. 

may L employed, for example, a reported 670 kb fragment of the Ig^ locus .s shown in Figure Jb of said 
document This Notl-Notl restriction fragment would serve to provide a variety of V regions, wh.ch will prov.de increased 
diversity by recombining with the various 0 and J regions and undergoing somatic mutation. 

in order to provide tor the production of human antibodies in a xenogeneic host, it .s necessary that me host be 
competent to provide the necessary enzyme* and other factors involved with the production of antibod.es while lacking 
competent endogenous genesfor the expression of heavy and light -subunits of immunoglobulins Thus, tfiose ^enzymes 
and other factors assorted with germ tine rearrangement, splicing, somatic mutation, and the l.ke. will be functional 
in the xenogeneic host What wHl be lacking is a functional natural region comprising the various axons associated 
with the production of endogenous immunoglobulin subunits. 

The human DNA may be introduced into the pronuclei of fertilized oocytes or embryonic stem cells. The integration 
may be random or homologous depending on the particular strategy to be employed. Thus, by using transfomiatwn, 
using repetitive steps or in combination with breeding, transgenic animals may be obtained which are able to produce 
human antibodies in the substantial absence of light or heavy host immunoglobulin subunits. 

To inactivate the host immunoglobulin led. homologous recombination may be employed, where ONA .s introduced 
to at the immunoglobulin heavy chain and light chain loci which inhibits the production of endogenous Immunoglobulin 
subunits Sinee there are two heavy chain alleles and two lignt chain toci. each with two alleles, although one may 
choose to Ignore the X toci, there will have to be multiple transformations which result in inactlvaiion of each of the 
alleles (By transformation Is Intended any technique for introducing ONA into a viable cell, such as conjugation, trans- 
formation, transfection. transduction, electroporation. lipotectlon. biolistfcs. or the like.) Homologous recombination 
2S may be employed to functionally inactivate each of the loci, by introduction of the homologous ONA into embryonic 
stem cells followed by introduction of the modified cells into recipient blastocysts. Subsequent breeding allows for 
germ line transmission of the inactivated locus. One can therefore choose to breed heterozygous offspring and select 
for homozygous offspring from the heterozygous parents or again one may use the embryonic stem cell for homologous 
recombination and inaeiivation of the comparable locus. 
so While the number ot transformation steps may be reduced by providing at least a fragment of the human immu- 

noglobulin subunit toeus for homologous recombination with the analogous endogenous immunoglobulin, in the event 
only transformation is used and the human locus is integrated into the host genome in random fashion, a total of eight 
transformations may be required. 

For inactivatlon. a lesion in the target locus resulting In the prevention of expression of an immunoglobulin subunit 
as of that locus is employed. Thus, the important factor is that Ig germ line gene rearrangement is inhibited, or a f unctional 
message encoding the Immunoglobulin subunit cannot be produced, either due to failure of transcription, failure of 
processing of the message, or the like. _ . 

For inactivating the immunoglobulin heavy chain subunit locus, the lesion will be Introduced mto the J region of 
Ihe heavy chain immunoglobulin subunit locus. Thus, one produces a construct which lacks a functional J region and 
do may comprise the sequences of the J region adjacent to and upstream and/or downstream from the J region or com- 
prises all or part of the region with an inactivating insertion in the J region. The insertion may be SO bp or more, where 
such insertion results in disruption Of formation of a functional mflNA. Desirably, the J region In whole or substantial 
pan usually at least about 75% of the locus, preferably at least about 90% of the locus, is deleted. If desired, the teswn 
between the two flanking sequences defining the homologous region may extend beyond the J region. Into the variable 
45 region and/or Into the constant region. In the light enain. J. V or C regions, or enhancer regions may be use. 

Desirably, a marker gene is used to replace the J region. Various markers may be employed, particularly those 
which allow for positive selection, Of particular Interest is the use ot G418 resistance, resulting from expression of the 
gene for neomycin phosphotransferase. ,. ^ 

Upstream and/or downstream from the target gene construct may be a gene which provides for identification of 
so whether a double crossover has occurred. For this purpose, the Herpes simplex virus thymidine kinase gene may Be 
employed, since cells expressing the thymkJine kinase gene may be killed by the use of nucleoside analogs such as 
acyclovir or gancyclovir. by their cytotoxic effects on cells that contain a functional HSV-tk gene. The absence of sen- 
sitivity to these nucleoside analogs indicates the absence of the HSV-thymldine kinase gene and. therefore, where 
homologous recombination has occurred, that a double crossover has also occurred. 
* While the presence of the marker gene in the genome wi.l indicate that integrate has c^curreo. I wjl still i be 

necessary to determine whether homologous integration has occurred. This can be achieved in a number oT ways^For 
the most part. DNA analysis will be employed to establish the location of the integration. By employing probes for ^the 
insert and then sequencing the 5" and 3" regions flanking the insert for the presence of the target locus extending 
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beyond the flanking region of ihe construct or identifying the presence of a deletion, when such deletion has been 
introduced, the desired integration may be established. 

The polymerase chain reaction (PCfl) may be used with advantage in detecting the presence of homologous 
recombination, Probes may be used which are complementary to a sequence within the construct and complementary 

5 to a sequence outside the construct and at the target locus. In this way. one can only obtain DNA chains having both 
the primers present in the complementary chains if homologous recombination has occurred. By demonstrating the 
presence of the probe9 for the expected size sequence, the occurrence of homologous recombination is supported. 

The construct may further include a replication system which is functional in the non-primate mammalian host cell. 
For the most part, these replication systems will involve viral replication systems, such as Simian virus 40. Epstein- 

io Ban* virus, polyoma virus, papilloma virus, and the like, various transcriptional initiation systems may be employed, 
either from viruses or from mammalian genes, such as SV40, metallathionein-l and II genes, p-actin gene, adenovirus 
early and late genes, phosphoglycerate kinase gene. RNA polymerase II gene, or the like. In addition to promoters, 
wild-type enhancers may be employed to further enhance the expression of the marker gene. 

In constructing the subject constructs for homologous recombination, a replication system tor procaryotes, partic- 

15 uiarry E. coji, may be included, for preparing the construct, cloning after each manipulation, analysis, such as restriction 
mapping or sequencing, expansion and isolation of the desired sequence. Where the construct is large, generally 
exceeding about 50 kbp, usually exceeding 100 kbp, and usually not more than about lOQOkbp, a yeast artificial chro- 
mosome (YAC) may be used for cloning of the construct. 

Once a construct has been prepared and any undesirable sequences removed, e.g., procaryotlc sequences, the 

20 construct may now be introduced into the target ceil. Any convenient technique for introducing the DNA into the target 
cells may be employed. Techniques include spheroplast fusion, lipofection, electroporation. calcium phosphate-medi- 
ated DNA transfer or direct microinjection. After transformation or transfection of the target cells, target cells may be 
selected by means of positive and/or negative markers, as previously indicated, neomycin resistance and acyclovir or 
gancyciovir resistance. Those cells which show the desired phenotype may then be further analyzed by restriction 

2s analysis, electrophoresis, Southern analysis, PCR. or the like. By identifying fragments which show the presence of 
the lesion(s) at the target locus, one can identify cells in which homologous recombination has occurred to inactivate 
a copy of The target locus. 

The above described process may be performed first with a heavy chain locus in an embryonic stem cell and then 
maturation of the cells to provide a mature fertile host. Then by breeding of the heterozygous hosts, a homozygous 

30 host may be obtained or embryonic stem cells may be isolated and transformed to inactivate the second igH locus, 
and the process repeated until all the desired loci have been inactivated. Alternatively, the light chain locus may be 
the first. At any stage, the human loci may be introduced. 

As already indicated, the target locus may be substituted with the analogous human locus. In this way, the human 
locus will be placed substantially in the same region as the analogous host bcus. so that any regulation associated 

35 with the position of the locus will be substantially the same for the human Immunoglobulin locus. For example, by 
isolating the entire V H gene locus (including V, 0, and J sequences), or portion thereof, and flanking the human locus 
with sequences from the mouse locus, preferably sequences separated by at least about 5 kbp, in the host locus, 
preferably at least about 1 0 kbp in the host locus, one may insert the human fragment into this region in a recombina- 
tional event(s), substituting the human immunoglobulin locus tor the variable region of the host immunoglobulin locus. 

ao in this manner, one may disrupt the ability of the host to produce an endogenous immunoglobulin subunit. while allowing 
for the promoter of the human immunoglobulin locus to be activated by the host enhancer and regulated by the regu- 
latory system of the host. 

Once the human loci have been introduced into the host genome, either by homologous recombination or random 

integration, and host animals have been produced with the endogenous immunoglobulin loci inactivated by appropriate 
45 breeding of the various transgenic or mutated animals, one can produce a host which lacks the native capability to 

produce endogenous immunoglobulin subunits. but has the capacity to produce human immunoglobulins with at least 

a significant portion of the human repertoire. 

The functional inactrvation of the two copies of each of the three host ig loci, where the host contains the human 

IgH and the human Ig ic andfor \ loci would allow for the production of purely human antibody molecules without the 
so production of host or hosi/human chimeric antibodies. Such a host strain, by immunization with specific antigens, would 

respond by the production ot mouse B-celts producing specific human antibodies, which B<ells could be fused wixh 

mouse myeloma cells or be immortalized in any other manner for the continuous stable production of human monoclonal 

antibodies. 

The subject methodology and strategies need not.be limited to producing complete immunoglobulins, but provides 
ss the opportunity to provide for regions joined to a portion of the constant region, e.g., C Hv C H2 . C H3 , or C H4 . or combi- 
nation thereof. Alternatively, one or more of the exons of the C H and C K or C x regions may be replaced or joined to a 
sequence encoding a different protein, such as an enzyme, e.g., plasminogen activator, superoxide dismutase, etc.; 
toxin A chain, e.g., ricln, abrin, diphtheria toxin, etc.; growth factors; cytotoxic agent, e.g.. TNP. or the like. See, for 
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example, WO 89/07142; WO B9/09344; and WO 88/03559. By inserting the protein of interest into a constant region 
exon and providing for splicing of the variable region to the modified constant region exon, the resulting binding protein 
may have a different C-terminal region from the immunoglobulin. By providing for a stop sequence with the inserted 
gene the protein product will have the inserted protein as the C-terminal region, if desired, the constant region may 

S be entirely substituted by the other protein, by providing for a construct with the appropriate splice sites for joining the 
variable region to the other protein. 

The antibodies or antibody analog producing B<etle from the transgenic host may be used for fusion to a mouse 
myeloid cell to produce hybridomas or immortalized by other conventional process, e.g.. transaction with oncogenes. 
These immortalized cells may then be grown in continuous culture or introduced into the peritoneum of a compatible 

io host for production of ascites. 

The subject invention provides for the production of polyclonal human anti-serum or human monoclonal antibodies 
or antibody analogs. Where the non-primate mammalian host has been immunized with an immunogen. the resulting 
human antibodies may be isolated from other proteins by using an affinity column, having an Fc bindmg moiety, such 

as protein A, or the like. . . . 

« For producing animal* from embryonic stem cells, after transformation, the cells may be plated onto a feeder layer 

in an appropriate medium, e.g. fetal bovine serum enhanced OMEM. Cells containing the construe! may be detected 
by employing a selective medium and after sufficient time for colonies to grow, colonies may be picked and analyzed 
for the occurrence of integration or homologous recombination. As described previously, tne PCR may be used, with 
primers within or without the construct sequence, but at the target locus, 

20 Those colonies which show homologous recombination may then be used for embryo manipulation and blastocyst 

injection Blastocysts may be obtained from females by flushing the uterus 3-5 days after ovulation. The embryonic 
stem ceils may then be trypsinized and the 'modified cells added to a droplet containing the blastocyst. At least one 
and up to thirty modified embryonic stem cells may be injected into the blastocoel of the blastocyst. After injection, at 
least one and no more then about fifteen of the blastocysts are returned to each uterine horn of pseudo-pregnant 

as females Females are then allowed to go to term and the resulting litter screened for mutant cells having the construct. 

The mammals may be any non-human, particularly ncn-primate mammal, such as laboratory animals, particularly 
small laboratory animal6, 6uch as mice, rate, guinea pigs. etc.. domestic animals, pets, etc. 
The following examples are offered by way of illustration and not by way of limitation. 

30 EXPERIMENTAL 

inactivation ol the mouse heaw chain J aenae Construc tion of the inactivation vector 

A 6 4 Kb EcoRI fragment, containing the mouse heavy chain J genes and flanking sequences, is cloned from a 
Balb/e mouse embryo genomic library using the probes described in Sakano et al.. Nature290:562.S6S. 1981. This 
fragment (mOJ) is inserted into EcoRWigested pUCl9 plasmid (pmDJ). A 2.9 Kb fragment, containing the 4 J genes, 
is deleted by Xhol-Scal digestion (pmDSJNeo, see Chart 1 ). An 11 50 bp Xhol-BamHI fragment, containing a neomycin- 
resistance gene driven by the Herpes simplex virus thymidine kinase gene (HSV-ik) promoter and a polyoma enhancer 
is isolated from pMCINeo (Thomas and Capecchi. £ej. 51, 503-512, 1987). A synthetic adaptor is added onto this 
fragment to convert trie BamHI end into a Seal end and the resuliing fragment is joined to the Xhol-Scal pmDSJ to 
form the inactivation vector (pmDfiJ. Neo) in which the S' to 3' orientation of the neomycin and the heavy chain promoters 
is Identical This plasmid is linearized by Ndel digestion before transaction to ES cells. The sequences driving the 
homologous recombination event are 3 kb and 0.5 kb fragments, located S' and 3' to the neomycin gene, respectively. 
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Chart 1 



10 



20 



2S 



Mouse Heavy Chain J Genes Inactivation Vector 



(A) Targeted moutt heavy chain I genes 
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(B) Tnagrivanon vector mDAJ.Neo 
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The ES cell line El4TG2a (Hooper ejaj., Nature , 326 :292-295, 1937) is cultured on mitomycin-treated primary 
embryonic fibrobtast-feeder layers essentiaTTy as described (Doetschman ej al., J. Embrvol. Exp. Morphol. 87:27-45, 
1985). The embryonic fibroblasts are prepared from embryos from C57BL/6 females that are mated 1 4 to 17 days 
earlier with a male homozygous for a neomycin transgene (Gossler et aL PNAS 83:9065-9069, 1986). These cells 
40 are capable of growth in media containing G4i 8. Electroporation conditions are described by (Boggs etal. . Ex. Hematol.. 
(NY) 149 :966-994, 1986), ES cells are trypsinized, resuspended in culture media at a concentration of 4xi0 7 /ml and 
electroporated in the presence of the targeting DNA at a concentration ol i2nM In the first experiment and 5nM DNA 
in the second. A voltage of 300 V with a capacitance of 150-250 uF is found optimal with an electroporation cell ol 5 
mm length and 100 mm* cross-section. 5x106 electroporated cells are plated onto mitomycin-treated fibroblasts in 100 
ds mm dishes in the presence of Dulbecco's modified Eagle's media (DMEM) supplemented with 1 5% fetal bovine serum 
(FBS) and 0.1 mM 2-mercaptoethanol. The media is replaced 24 hr after electroporation with media containing 200 
HP/ml G41B. 

ES colonies resulting 10-14 days after electroporation are picked with drawn out capillary pipettes for analysis 
using PCR. Half of each picked colony is saved in 24-well plates already seeded with mitomycin-treated feeder cells. 

so The other halves, combined in pools of 3-4, are transferred to Eppendorf tubes containing approximately 0.5 ml of PBS 
and analyzed for homologous recombination by PCR. Conditions for PCR reactions are essentially as described (Kim 
and Smithies. Nucleic Acids Res. 16:8887-6893, 1988). After pelleting, the ES cells are resuspended in 5 uJ of PBS 
and are lysed by the addition of 55 u.l of H20 to each tube. DNAses are inactivated by heating each tube at 95 9 C for 
10 mln After treatment with proteinase K at S5°C for 30 min, 30 ul of each tysate is transferred to a tube containing 

55 20 uJ of a reaction mixture including PCR buffer: 1 .5 ug of each primer, 3U of Taq polymerase, 10% OMSO. and dNTPs. 
each at 0.2 mM. The PCR expansion employs 55 cycles using a ihermocyeler with 65 seconds melt at 92°C and a 10 
min annealing and extension time at 65 B C. The two priming oligonucleotides are TGGCGG AC CGCTATCCCCCAGG AC 
and TAGCCTGGGTCCCTCCTTAC. which correspond respectively to a region 650 bases 3' of the start codon of the 
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neomycin gene and sequences located in the mouse heavy chain gene. 1100 bases 3' of The insertion site. 20 jil of 
the reaciion mix is electrophoresed on agarose gels and transferred to nylon membranes (Zeta Bind) Filters are probed 
with a azp-labelled fragment of the 991 bp Xbai fragment of the J-C region. 
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motivation ot ^ m QUfiB lq hA»w chain J genes in ES cells. 

r^atmrti^n of the in ftCTivatlon vector 

A 6,-Kb EcoR. fragment, contain,* the 
quench, cloned from a Baft* mouse embryo genome l.brary and J n, °P^ £ 8 >' abo * t , _ , tt 
and Nae. to delete an about 2.3 Kbp ^^'^J^' ' L^S. ?^'t£ Je?». simplex virus 

tlvely, 

r nm.rina Bi^ mpnmttan. anc* «-i~ti«n of ES ceils 

ioaq pnas USA 86, 8932-8935) wa6 cultured on mitomycin C- 
The ES cell line E14TG2a (Kotor and an ^^^^£ t SM ! 1989. PNAS USA, 86, 8932-8935). ES 
treated embryonte «^ «^t^3^ 7 ( ^^^ 5mM KcHmM CaCl^mM Na^PO. 
cells were trypsinlzed. ™^«^J"J^ ™ 0 ,' nd ele ctroporated in the presence of SO ug/ml ot the llneanzed 
2lmM HEPES pH7.1) at a concentration ol WO ml ™ e '^°£ pul6ef usin 240 velts 5 oOu.f capacitance, 
inaetivatlon vector. Electrocution ^«"^^^^^2iV ,00mm dishes in the presence of Dui- 
5x10* electroporated cells were plated onto m «°™^*^™X™ bovine serum and 0.1 mM 2-mercaptoethanol. 
becco's modified Eagle's media (DMEM) ^^^^^^^S^ G418. G4i8-resis«ant 6S colonies 
The media was replaced 24 hr after ^^^^^^^l^cs for ana^sis using the polymer- 
resuming 1 2-1 4 days after elecirop<*at,°n war* pekad wrth drawn £U p ry p p ^ ^ ^ ^ ^ 

ase chain reaction (PCfl). ^^^^^^S^h pools of four, were transferred to Eppen- 
seeded with mitomycin C-treat* I feeder cells ^^JJ*^ , or PC £ anabr9i6 aa ascribed by Joyner ej aj 
dorf tubes containing 0.3 ml of PBS and cell lysates were P reD » r ~ 7 f h n , 5u 0 f Taq 

^Nature . 338:153.135, ««»• ™ e ^J^ES £2££ cyde^singtthermai cyder (Perkin-Gmer 
phrase and 200uM of dNTPs. The PCft JJ J^J ^ten at 72-C. The two priming oligonude- 
CeL). with 1 min. melt at ^^^^T^^^^^SS^K whteh correspond respectively to 
otides are ACGGTATCGCCGCTCCCGAT and ^/™ T J™rJ sequencas located in the mouse heavy chain 
about 1 20 bases 5« of the BamH. site of the "^^^ gives rise to an about 1 A kbp 

& gene, about 160 bases 3" of the .nsertjon site. 8 ^»^™^JL M gel9 , sta ,ned with ethidium bromide and 
fragment. 20u. of the reaction mixture 'y'""^^^^^ EcoR.-Pstl about 1.4 Kbp 

transferred to nyton membranes (Gene Screen) "™ Chart 2) . For , urth er analysis, genomic ONA 

fragment located in the mouse heavy ^l^^^^S^noJt^ the manufacturers, and fragments 

labelled fragment as described above, 
A^o ^cte of Gdia-rep ^tant ES coloniea 
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(about 1 ,4kb P ) out of 34 pools representing l^ 1 *^" 1 ^^ tltf . done. ES33D5. was identified. Similar 
utad to this positive pool were analyzed 
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size to that present in untreated cells, but of decreased intensity in the PCR positive clone, and an additional fragment 
about 4.2 kbp, the size predicted for an homologous recombination event, present only in the PCR-posrtive clones 
Similarly, the replacement of the J genes by the neomycin gene by an homologous recombination event results in a 
loss of one Sad site and the appearance of a fragment, detectable with the EcoRNPstl probe, which is about 570 bp 
5 smaller than the equivalent fragment in the native locus (see Chart 2C). Southern analysis of the clones by Sad di- 
gestion gave the expected pattern of one native and one targeted allele: about 4.0 kbp fragment, identical in size to 
that detected in untreated cells, but of decreased intensity in the 5 positive clones, and an additional fragment of about 
3.4 kbp, the size predicted for a targeted homologous recombination event, present only in the identified clones, Re- 
hybridization of the Southern blots with a probe for the neomycin gene shows that only the 4.2 kbp and 3.4 kbp frag- 
to mente, resulting from the Hindlll and the Sad digestion, respectively, hybridized to the probe as predicted by the 
targeting event. 

Inactivation of mouse immun globulin heavy chain J genes in mice 

16 Injection of targeted ES cells into mouse blastocysts and generation of chimeric offsprings 

Mice were purchased from Jackson Laboratories (Bar Harbor, ME). Three and a halt day old C57BL/6 blastocysts 
were obtained from 4*5 week old superovulated females as described by Kolfer et al. 1989 (supra). ES cells were 
trypsinized, washed once with fresh DMEM media and diluted to about lxi0*/ml in M2 media. About 5uJ of cells were 

20 added to a lSOu.1 droplet of M2 media, under paraffin oil, containing the blastocysts. Ten to fifteen cells were injected 
into the blastocoel of each blastocyst Six to nine ES cell-containing blastocysts were returned to each uterine horn of 
C578L/6 x DBA Fl pse udopregnant females mated 2.5 days previously with vasectomized males. Pups derived from 
the injected blastocysts were generally born 16-18 days later. The contribution of the ES cells to the offspring was 
judged visually by examination of the coat color of the pups. The blastocysts were obtained from C57BU6 mice, which 

ss are solid black in color. The ES cell fine El4TG2a, the parental line from which the targeted cell lines were derived, 
was isolated from 129/01 a mice. This mouse strain is cream in color, the combined effect of three color genes, the 
dominant A* allele at the agouti locus, the recessive pinkeyed-dilute allele at the p locus and the recessive C ch allele 
the C locus. Offspring in which the ES ceils participated in the formation of the animal had coats containing brown and 
cream hair. The ES cell line ES41 -i carrying inactivated mouse immunoglobulin heavy chain, was Injected into C57BL/6 

30 mouse blastocysts as described above. Six out of the 18 surviving pups had a high degree of coat color chimerism 
(70-90%). PCP analysis of DNA isolated from chimeric newborn pups from a female implanted with blastocysts injected 
with the inactivated ES cells, Indicated that the mutated Immunoglobulin heavy chain locus is present in a variety of 
organs such as spleen, thymus, kidney, liver, brain and skin. 

55 Inactivation _of the mouse lg kappa chain J genes in ES cells 

A 5.6 Kb Hindi! l-BamHi fragment, containing the mouse immunoglobulin kappa chain J region genes and 3* flanking 
sequences, cloned from a Balb/c mouse embryo genomic library and inserted into pBluescriptSK vector to yield the 
plasmid (pKJ). pKJ was digested with Hindlll and Pstl to delete an about 1.7 Kb fragment containing the 5 J genes 
40 (see Chart 3). A 570 bp blunt Hindlll fragment, spanning the 
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region 5' to the Hindlll site adjacent to the kappa J region, was cloned from mouse genomic DN A by polymerase chain 
*s reaction (PCR). This fragment wae inserted into Hlndlll-Smal digested pic cloning vector (Marsh etaj., 1984, Gene. 
32:481-485) and was excised by digestion with Kpnl-Xhol. An about 1.1 Kb Xhol-BamHI fragment, blunted at the BamHI 
site, containing the neomycin resistance gene driven by the Herpes simlex virus thymidine kinase gene (HSWtk) pro- 
moter and polyoma enhancer was isolated from pMClNeo (Thomas and Capecchi, 1 987, supra). The neomycin frag- 
ment was inserted into the Hindlll-Psti deleted pKJ, which was blunted at the Pstl site. S* to the kappa sequences. The 
so resulting plasmid was digested with Kpnl and Xhol and the 570 bp Kpnl-Xhol kappa fragment was Inserted into the 
Kpnl-Xhot cleaved vector. 5* to the neomycin gene, to generate the inactivation vector (pmKSJ, see chart 3). The 
transcriptional orientation of the neomycin and the kappa chain genes is the same in pmKfcJ, The plasmid was lineraized 
by ApaLI before transteclion Into ES cells, The linearized sequence has about 3.8 Kb and 570 bp of homology to the 
cellular sequences, located 3' and 5' to the neomycin gene, respectively. 

55 

Analysis of G*lfi-reslstant ES colonies 

Electroporation of the kappa inactivation vector into ES cells and screening for homologous recombination events 
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was carried out as described for the inactivation of the immunoglobulin heavy chain, G41 9 -resistant ES colonies were 
analysed for homologous recombination targeting by PCR using two priming oligonucleotides CGGTTGCTGTTGTATC- 
CATAACTC and CATCAGAGCAGCCGATTGTCTG, which correspond respectively to the sequences located in the 
mouse kappa chain gene, about 67 bp 5' of the insertion site, and about 370 bp 3 a of the Xhol site of the neomycin 
5 gene. A 32 P -label led 80 base oligonucleotide, which starts about 10 bp 5' of the insertion site, was used as a probe to 
detect the targeted PCR product. Successful homologous recombination gives rise to an about 1 030 bp fragment. PCR 
analyst of 650 G4 18- resistant colonies detected 3 positive colonies (ES56-1, ES69-4, SS147-1), Southern analysis 
of these colonies confirmed the integration of the inactivation vector into one allele of the kappa immunoglobulin loci 
leading to a deletion of the J region. 

10 

Production of human Ig in transgenic mice 

Example: production of human heavy chain in transgenic mice ON A vector 

»5 An Spel fragment, spanning the human heavy chain VH6-D-J-Cu,-C5 region (Berman et a]., EMBO J. (1988) 7: 

727-738: see Chart 4) is isolated from a human library cloned into a yeast artificial chromosome (VAC) vector (Burke, 
SIS!- Science , 236 : 806-812) using DNA probes described by Berman et al, (EMBO J. (1988) 7:727-738). One clone 
is obtained which is estimated to be about 100 Kb. The Isolated YAC clone is characterized by pulsed-fleld gel elec- 
trophoresis (Burke et al.. supra; Browneiein et al., Science , 244 : 1 346-1 351 ), using radiolabeled probes for the human 

so heavy chain (Berman et al., supra). 

Introduction of YAC clones into embryos 

High molecular weight DNA Is prepared in agarose plugs from yeast cells containing the YAC of interest (i.e., a 
2S YAC containing the aforementioned Spel fragment from the IgH locus). The DNA is size-fractionated on a CHEF gel 
apparatus and the YAC band is cut out of the low melting point agarose gel. The gel fragment Is equilibrated with 
polyamines and then melted and treated with agarase to digest the agarose. The polyamine<oated DNA is then injected 
into the male pronucleus of fertilized mouse embryos which are surgically introduced into the uterus of a psueudopreg- 
nant female as described above. The transgenic nature of the newborns is analyzed by a slot-blot of DNA isolated 
30 from tails and the production of human heavy chain is analyzed by obtaining a small amount of serum and testing it 
for the presence of Ig chains with rabbit anti-human antibodies. 

As an alternative to microinjection. YAC ON A is transferred into murine ES cells by ES cell: yeast protoplast fusion 
(Traver et al., 1 989 Proc. Natl. Acad. Sci , USA, 86:5898-5902; Pachnis et a],. 1990, jbidS7: 5109-5113). First, the 
neomycin-resistance gene from pMCINeo and a yeast selectable marker are inserted into nonessential YAC vector 
3$ sequences in a plasm Id. This construct is used to transform a yeast strain containing the IgH YAC, and pMCINeo is 
integrated into vector sequences of the IgH YAC by homologous recombination. The modified YAC is then transferred 
Into an ES cell by protoplast fusion (Traver et al., 1989; Pachnis oj al.. 1990). and resulting G4l8-resistant ES cells 
which contain the intact human IgH sequences are used to generate chimeric mice. 

40 Production of human Iq bv chimeric mice Construction of human heavy chain replacement vector . 

The replacing human sequences include the Spel 100 kbp fragment of genomic DNA which encompasses the 
human VH6-D-J-C|i-C5 heavy chain region isolated from a human-YAC library as described before. The flanking mouse 
heavy chain sequences, which drive the homologous recombination replacement event, contain a 10 kbp BamHI frag- 
ment of the mouse Ce-Ca heavy chain and a 5' J558 fragment comprising the 5' half of the J558 fragment of the mouse 
heavy chain variable region, at the 3' and 5* ends of the human sequences, respectively (Chart 4). These mouse 
sequences are isolated from a mouse embryo genomic library using the probes described in Tucker et al.. PNAS USA. 
78: 7684-7688, 1981, and Blankensiein and Krawinkel (1987, supra ), respectively. The 1150 bp Xhol to BamHI frag- 
ment, containing a neomycin-resistance gene driven by the Herpes simplex virus thymidine kinase gene (HSV-tk) 
so promoter and a polyoma enhancer is isolated from pMCINeo (Koller and Smithies. 1989, supra ). A synthetic adaptor 
is added onto this fragment to convert the Xhol end into a BamHI end and the resulting fragment Is joined to the BamHI 
mouse Ce-Ca in a plasm id. 

Prom the YAC clone containing the human heavy chain locus, DNA sequences from each end of the insert are 
recovered either by inverse PCR (Silverman etaL. PNAS . 86:7485-7489. 1 989). or by plasmkJ rescue in E. cojj, (Burke 
ss etal., 1 987: Garza et al. Science . 246 :641 -646, 1989; Traver etaL 1989) (see Chart 4). The isolated human sequence 
from the 5V6 end of the YAC is llgated to the mouse JS58 sequence in a plasmid and likewise, the human sequence 
derived from the 3'C8 end of the YAC is Llgated to the Neo gene in the plasmid containing Neo and mouse Ce-Ca 
described above. The human V6-mouse J558 segment is now subctoned Into a half-YAC cloning vector that includes 
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a yeast selectable marker (HIS3) not present in the original igH YAC. a centromere (CEN) and a single telomere (T£L). 
The human C$ - Neo * mouse Ce - Ca is likewise subcloned into a separate half-YAC vector with a different yeast 
selectable marker (LEU2) and a single TEL The half -Y AC vector containing the human V6 ON A is linearized and used 
to transform a yeast strain that is deleted for the chromosomai HIS3 and LEU 2 loci and which carries the IgH YAC. 
Selection for histidine-prototrophy gives rise to 

Chart 4 
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yeast colonies that have undegone homoloous recombination between the human V6 ON A sequences and contain a 
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recombinant YAC. The hall-YAC vector containing the human C6 ONA is then linearized and used to transform the 
yeast strain generated m the previous step. Selection for leucine-proto.rophy results in a yeast strain contaS me 
complete IgH rep.acemen. YAC (see Chan 4). This YAC is isolated and introduced Into ES ce.te by^micToiS at 
described previously for embryoa. 
5 In accordance with the above procedures, an antigenic or chimeric non-primate host, particularly a mouse host 

may be produced which can be immunized to produce human antibodies or analogs specific for an immunogen In this 
manner, the problems associated with obtaining human monoclonal antibodies are avoided, since mice can be imrnu- 
n.zed w,th immunogens which could not be used with a human host. Furthermore, one can provide for booster injections 
and adjuvants which would not be permitted with a human host The resulting 8<ells may then be used for immortal- 
's ization for the continuous production of the desired antibody. The Immortalized cells may be used for isolation of the 
genes encoding the immunoglobulin or analog and be subjected to mutation by in-vitro mutagenesis or other muta- 
gen.zing technique to modify the properties of the antibodies. These mutagenized genes may then be returned to the 
immortalized cells for homologous recombination to provide for a continuous mammalian cellular source of the desired 
antibodies. The subject invention provides for a convenient source of human antibodies, where the human antibodies 
are produced in analogous manner to the production of antibodies In a human host, The mouse cells conveniently 
provide for the activation and rearrangement of human DNA in mouse cells for production of human anybodies 
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1. A transgenic non-primate mammal comprising a modified genome wherein said modification comprises a lesion 
in the J region of at least one copy of the immunoglobulin heavy chain locus wherein said lesion results in the 
inability of said copy of the locus to rearrange or to produce a functional message encoding an immunoglobulin 
heavy chain subunit, 3 * 

2. The mammal of claim i wherein said modification further comprises a lesion in at least one copy of an immu- 
noglobulin light chain locus said lesion resulting in 'the inability of said locus to rearrange or to produce a functional 
message encoding said light chain subunit. 

3. The mammal of claim 1 or 2 wherein said modification comprises lesions in 2 copies of the immunoglobulin heavy 
chain locus and/or lesions in 2 copies of said immunoglobulin light chain locus. 

4. The mammal of any of the preceding claims wherein said modification further comprises inclusion in said genome 
of an immunoglobulin locus encoding a xenogeneic light chain or heavy chain or both. 

5. A transgenic non-primate animal as claimed in any of the preceding claims wherein said non-primate mammal is 
murine. 

6. A transgenic non-primate mammal as claimed in any of the proceeding claims wherein the xenogeneic immu- 
*° noglobulin is human. 

7. The transgenic non-primate mammal of any of claims 4-6 wherein the xenogeneic Ig comprises a variable region 
joined by a peptide bond to a peptide other than solely the Ig constant region. 

8. An embryonic stem (ES) cell of a non-primate mammal comprising a modified genome wherein said modification 
comprises a lesion in at least one copy of the J region of the immunoglobulin heavy chain locus wherein said lesion 
results in the inability of said copy of the locus to rearrange or to produce a functional message encoding an 
immunoglobulin heavy chain subunit: and 

which optionally further contains 

a) a lesion in at least one copy of an immunoglobulin light chain locus said lesion resulting in the inability of 
said locus to rearrange or to produce a functional message encoding said light chain subunit; and/or 

b) inclusion in the genome of said ES ceils of an immunoglobulin locus encoding a xenogeneic fight chain or 
ss heavy chain or both. 

9. The use of the ES cell of claim 8 for the production of a transgenic non-primate mammal. 
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10. A method for producing xenogeneic antibodies to an antigen which method comprises immunizing the Transgenic 
cells of the mammal into the bloodstream; and 

(a) recovering the antibodies from the bloodstream of the animal; or 

(b) conducting a process which comprises: 

recovering B cells from the animal; 
Immortalizing the B cells; 

- screening the immortalized B cells for those immortalized B cells that secrete the antibodies and 
recovering the antibodies; or 

(c) performing both process (a) and process (b). 

1 1 . The method of claim 1 0 wherein the xenogeneic antibodies are human, 

1 * !^^!JA° el w lhal ^ Cf6!e • nlibodi » » ™oreact.ve with a specific antigen wherein the immor- 
talized B cells are derrved from a transgenic non-primate mammal as claimed in claim A which has been admin- 
istered said antigen. 

13. A method to produce antibodies immunoreactive with a desired antigen which method comprises culturinq the 
immortalized B cells of claim 1 Z under conditions wherein said antibodies are secreted; and 

recovering the antibodies from the culture, 

14. The method of claim i 3 wherein said antibodies comprise a variable region joined by a peptide bond to a oeoiide 
other than solely the Ig constant region. F H 

15. A method for the production of a transgenic non-primate mammal comprising a modified genome said method 
compnsing creating a lesion in the J region of at least one copy of the immunoglobulin heavy chain locus wherein 
said les.on results in the inability of said copy of the locus to rearrange or to produce a functional message encoding 
an immunoglobulin heavy chain subunit. 

16. A method according to claim is wherein said method further comprises creating a lesion in at least one copy of 
an .mmunoglobulin light chain focus said lesion resulting in the inability of said locus to rearrange or to produce a 
functional message encoding said light chain subunit. 

17. A method according to claim 15 or 16 wherein said method comprises creating a lesion in 2 copies of the immu- 
noglobulin heavy chain locus anovor lesions in 2 copies of said immunoglobulin light chain locus. 

18. A method according to any of claims 15 to 17 wherein said method comprises including in said genome an immu- 
noglobulin locus encoding a xenogeneic light chain or heavy chain or both. 

19. A method according to any one of claims 15 to 18 wherein said non^rimate mammal is murine, 

20. A method according to any one of claims 15 to 1 9 wherein the xenogeneic immunoglobulin is human. 

21. A method according to any one of claims 18 to 20 wherein the xenogeneic Ig comprises a variable region joined 
by a peptide bond to a peptide other than solely the Ig constant region. 



22. A method for the production of an embryonic stem <ES) cell of a non-primate mammal comprising a modified 
genome, said method comprising creating a lesion in at least one copy of the J-region of the immunoglobulin heavy 
chain locus wherein said lesion results in the inability of said copy of the locus to rearrange or to produce a functional 
message encoding an immunoglobulin, heavy chain subunit; and 
which optionally further comprises 

a) creating a lesion in at least one copy of an immunoglobulin light chain locus said lesion resulting in the 
inability of said locus to rearrange or to produce a functional message encoding said light chain subunit; and/or 



16 



12/15/99 WED 15:17 FAX 212 596 9091 FISH & NEAVE NY @077 



EP 0 463 151 B1 

b) Including in the genome of said ES cells an immunoglobulin locus encoding a xenogeneic lighi chain or 
heavy chain or both, 

23, A method lor the production of immortalized B cells that secrete antibodies which are invnunoreactive with a 
specific antigen said method comprising deriving the immortalized B cells from a transgenic non-primate mammal 
as claimed in claim 4 or 18 which has been administered said antigen, 



PatentsnaprOche 

10 

1. Transgenes Nichtprimaten-Saugetier, enthaltend ein modifiziertes Genom, wobei die Modifikation eine Lasion in 
der J-Region von mlndestens einer Kopie dee Immunoglobulln-schwere Ketten-Locus umfaGt. wobei diese Lasion 
Zur Unfahigkeit dieser Kopie des Locus zur Umlagerung oder zur Erzeugung einer funktionellen Botschaft, die fur 
eine Immunoglobulin-schwere Kenen-Untereinheit kodiert, fOhrt 

75 

2. Saugetier nach Anapruch l. wobei die Modifikation ferner eine Lasion in mlndestens einer Kopie eines Immuno- 
globulin-leichte Ketten-Locus umfaflt, wobei die Lasion zur Unfihigkelt des Locus zur Umlagerung oder zur Er* 
zeugung einer funktionellen Botschaft. die fQr die leichte Kenen-Untereinheit kodiert, fuhrt. 

20 3. Saugetier nach Anspruch 1 oder 2, wobei die Modifikation LAslonen in zwei Kopien des immunoglobulin-schwere 
Ketten-Locus und/oder Lasionen in zwei Kopien des Immunoglobulin -leichte Ketten-Locus umfaGt. 

4. S£ugetier nach einem der vorstehenden Anspruche. wobei die Modifikation terrier den Einbau eines Immunoglo- 
bulHvLocus, der fur eine xenogene leichte Kette oder schwere Kette oder beides kodiert, in das Genom umfaGt. 

zs 

5. Transgenes Nichtprimaten-Tler nach einem der vorstehenden Anspruche, wobei es sich-beim Nichtprimaten-Sau- 
getier urn eine Maus handelt. 

6. Transgenes Nichtpri mat en -Saugetier nach einem der vorstehenden Anspruche, wobei es sich beim xenogenen 
30 Immunoglobulin um ein humanes Immunoglobulin handed. 

7. Transgenes Nlchtprimaten-Saugetier nach einem der Anspruche 4 bis 6. wobei das xenogene lg eine variable 
Region umfaftt, die durch eine Peptidbindung mit einem Peptid verbunden ist, das von der bloQen konstanten lg* 
Region abweicht 

3$ 

8. Embryonale Stammzelle (ES) eines Nichtprimaten-Saugeiiers, enthaltend ein modifiziertes Genom, wobei die Mo- 
difikation eine Lasion in mindestens einer Kopie der J-Region des Immunoglobulin-schwere Ketten-Locus umfaGt, 
wobei die Lasion zur Unfahigkeit der Kopie des Locus zur Umlagerung oder zur Erzeugung einer funktionetlen 
Botschaft. die fOr eine Immunoglobulin-schwere Ketten-Untereinheit kodiert. fOhrt; und 

die ggf. ferner folgendes enthaJt 

a) eine Lasion in mindestens einer Kopie eines Immunoglobulin-leichte Ketten-Locus, wobei die Lasion zur 
Unfahigkeit des Locus zur Umlagerung oder zur Erzeugung einer funktionellen Botschaft. die (Or die leichte 
Ketten-Unterelnheii kodiert, fuhrt; und/oder 
as b) Einbau in das Genom der ES-Zellen eines I immunoglobulin- Locus, der fur eine xenogene leichte Kette oder 

schwere Kette oder beide9 kodiert. 

9. Verwendung der ES-Zelle nach Anspruch 8 zur Erzeugung eines transgenen Nichtprimaten-Saugetiers. 

so io, Verfahren zur Erzeugung von xenogenen Antikorpem gegen ein Antigen, wobei das Verfahren folgendes umfaflt: 
Immunisieren des transgenen Nichtprimaten-Saugetiers nach Anspruch 4 mit einem Antigen, um eine Sekretion 
von Antikorpern durch mindestens einige der B-Zellen des Saugetiers in den Blutstrom herfceizufuhren: und 

(a) Gewinnen der Antikorper aus dem Blutstrom des Tiers; Oder 
55 (b) OurchfQhren eines Vertahrens, das folgendes umfaGt: 

Gewinnen von B-Zellen aus dem Tier; 
Immortalisieren der B-Zellen; 
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. Screening der immortalisierten B-Zellen aul solche immortalisierte 
B-Zellen, die die Antikorper sekretieren; und 
Gewinnen der Antikdrper Oder 

5 (c) DurchlQhren beidef Vertahren (a) und (b). 

11. Vertahren nach Anspruch 10, wobei die xenogenen Antikorper human sind. 

1 2 Immortalisierte B-Zellea die Antikorper sekretieren, die mil einem speziflschen Antigen Immunoreaktiv sind wobei 
,e> ' die immortalisierten B-Zellen von einem transgenen Nichtprimaten-Saugetier nach Anspruch a. dem das Anugen 

verabreicht worden ist, abgeleitet sind. 

13 Vertahren zur Erzeugung von Antlkdrpern. die mit einem gewunschten Antigen immunoreaktiv sind, wobei das 
' Vertahren folgendes umfaGt: Zuchten der immortalisierten B-Zellen nach Anspruch 12 unter Bedmgungen. bei 

i$ denen die Antikorper sekretien werden; und 

Gewinnen der Antikdrper aus der Kuttur. 

14. Vertahren nach Anspruch 13, wobei die Antikorper eine variable Region umfassen, die durch eine Peptidbindung 
so mit einem Peptid verbunden ist. das von der blo&en konstanten Ig-Region abweicht. 

15. Vertahren zur Erzeugung eines transgenen Nichtprirnaten-Saugetiers. das ein modifizlertes Genom enthait, wobei 
das Vertahren folgendes umfafct: Erzeugen elner Usion in der J-Region von mindestena einer Kopie dee immu- 
noglobulln-schwere Ketten-Locus. wobei die Lision zur Unfahigkeit der Kopie des Locus zur Umiagerung Oder 

2S zur erzeugung einer funktionellen Botschaft, die fOr eine Immunoglobulin -sen were Kenen-Untereinheit kodiert, 

luhrt. 

1 6. Vertahren nach Anspruch 1 5. wobei das Vertahren f emer folgendes umfaGt: Erzeugung einer Lasion in mindestens 
einer Kopie eines Immunoglobulin-leichte Ketten-Locus, wobei die Lasion zur Unffihlgkert des Locus zur Umlage- 

30 rung oder zur Erzeugung einer f unkttonellen Botschaft, die fur die leichte Ketten-Untereinheit kodiert, f uhrt. 

17. Vertahren nach Anspruch 15 Oder 16. wobei das Vertahren die Erzeugung einer Lfision in zwei Koplen des Immu- 
noglobulin-schwere Ketten-Locus und/oder von Lasionen In zwei Kopien des Immunoglobulin-leichte Kenen-Locus 
umfaGt. 

55 

18. Vertahren nach einem der AneprOche 15 bis 17, wobei das Vertahren den Einbau eines Immunoglobultn-Locus, 
der fur eine xenogene leichte Kette oder eine schwere Kette oder beides kodiert, in das Genom umfaftt. 

19. Vertahren nach einem der Anspruche 15 bis 13. wobei es slch beim Nlchlpnmaten-Siiugetier urn eine Maus han- 
40 delt. 

20. Vertahren nach einem der Anspruche 1 5 bis 19, wobei das xenogene Immunoglobulin human ist. 

21. vertahren nach einem der Anspruche 18 bis 20, wobei das xenogene Ig eine variable Region umfaGt. die durch 
45 eine Peptidbindung an ein Peptid gebunden ist. das von der blo&en konstanten Ig-Region abweicht. 

22. Vertahren zur Erzeugung einer embryonalen Stammzelle (ES) eines Nichtprimaten-saugetlers, enthaUend ein 
modifiziertee Genom. wobei das Vertahren folgendes umfaGt: Erzeugen einer Lasion in mindestens emer Kopie 
der J-Region des Immunoglobulin-echwere Kenen-Locus, wobei die Lasion zur Unfahigkeit der Kopie des Locus 

50 zur Umiagerung oder zur Erzeugung einer f unktionelien Botschaft, die fur eine Immunoglobulin-schwere Ketten- 

Untereinheit kodiert, (Ghrt; und 
wobei das Vertahren ggf. ferner folgendes umfaGt: 

(a) Erzeugen einer Usion in mindestens einer Kopie eines immunoglobulin-leichte Kenen-Locus, wobei die 
55 Lasion zur Unfahigkeit des Locus zur Umiagerung oder zur Erzeugung einer funktloneilen Botschaft. die fur 

die leichte Ketten-Untereinheit kodiert. fuhrt; und/oder 

(b) Einbau in das Genom der ES-Zellen eines immunoglobulin-Locus. der fur eine xenogene letchte Kette 
oder schwere Kene oder beides kodiert. 
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23 Vertahren zur Erzeugung von immortaiisierten B-Zellen, die Antikorper sexretieren, die mit einem spezrfischen 
" Antigen immunoreakiiv sind, wobei das Verfahren die Ableitung der immonalisierten B-Zellen aus emem transge- 
nen Nichtprimaten-Saugetier nach Anspruch 4 oder 19. dem das Antigen verabreicht worden .st, umfaflt. 

Revendication* 

1 Mammifere non primate transgenique ccmprenant un genome modifie dans lequel cette modification comprend 
una lesion dans la rdgion J d'au moins une copie de ['emplacement de la chaine lourde da nmmunoglobul.ne dans 
lequel cene lesion conduit a Uncapacity de cette copie de i'emplacement de se nlarrangar ou de produire un 
message fonctionnel codant pour une sous-unit* de la chaine lourde de rimmunogiobuiine. 

2 Mammiffcre selon la revendication 1 , dans lequel cette modification comprend en outre une idsion dans au moins 
une copie de ("emplacement d'une chaine legere d'immunoglobuline, cette lesion conduisant a ('incapacity de cet 

15 emplacement de se rearranger ou de produire un message fonctionnel codant pour cene sous-unite de la chaine 

legere. 

3. Mammifere seion fa revendication 1 ou 2. dans lequel cette modification comprend des lesions dans deux copies 
de ^emplacement de la chaine lourde de Hmmunoglobuline evou des Idsions dans deux copies de cet emplace- 

20 ment de la chaine I6g6re de I'immunoglobuline. 

4. Mammitere selon Tune quelconque des revendicailons prdcedentes, dans lequel cette modification comprend en 
outre I'lndusion dans ce gdnome d'un emplacement de I'immunoglobuline codant pour une chaTne leg&re ou une 
chaine lourde xdnogeniques ou les deux. 

26 

5. Animal non primate transgenique sebn 1'une quelconque des revendicailons prdcddentes, dans lequel ce mam- 
mifere non primate est un murin, 

6. Mammifere non primate transgenique salon I'une quelconque des revindications pr^cedentes. dans lequel rim- 
30 munogiobuiine xenogdnique est humaine. 

7. Mammifere non primate transgenique selon I'une quelconque des revendications a a 6. dans lequel rig xenoge- 
nique comprend une region variable unie par une liaison peptidique a un peptide autre que la seule region constant© 
de l'lg. 

as 

8. Cellule souche embryonnaire (ES) d'un mammifere non primate comprenant un genome modifie dans lequel cette 
modification comprend une lesion dans au moins une copie de ia region J de I'emplacement de la chaine lourde 
de I'immunoglobuline. dans lequel cette Idslon enualne I'incapacitS de cette copie de I'emplacement de se r6ar- 
ranger ou de produire un message fonctionnel codant pour une sous-unite de la chaine lourde de I'immunogtobu- 

40 line; et 

qui contient en outre facultativement 

a) une tesion dans au moins une copie d'un emplacement de la chaine Idg&re de I'immunoglobuline, cette 
l6sion entrainant Uncapacity de cet emplacement de se rearranger ou de produire un message fonctionnel 

4S codant pour cette sous-unite de chaTne legere; et/ou 

b) ('inclusion dans le genome de ces cellules ES d'un emplacement de I'immunoglobuline codant pour une 
chaTne legere ou une chatne lourde xdnogentques ou tes deux. 

9. Utilisation de la cellule ES seion la revendication 8 pour la production d'un mammif&re non primate transgenique. 

10. precede de production cfanticorps xdnogeniques contre un antigfcne, lequel proc6d6 comprend le fait d'immuniser 
le mammifere non primate transgenique selon la revendication 4 avec un antigene de manure a provoquer une 
secretion d'antlcorps par au moins certaines des cellules B du mammifere dans le courant sanguin; et 

55 (a) le fait de recuperer les anticorps dans le courant sanguin de I'animal; ou 

(b) le fait de conduire un processus qui comprend : 

- le fait de recuperer les cellules B de I'animal; 
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. lelartderendre immortelles las cellules B; Hr , f L~™.. 
. le fait de selectionner parmi les cellules immortalisees B celles qui secreient les anticorps, et 
. le fait de reeuperer les anticorps; ou 

5 (c) 1© faix d'effectuer lee deux processus (a) ei (b). 

11 . Procede selon la revendication 10, dans lequel les anticorps x*no 9 eniques sont des anticorps humains. 

^ n . ■* : mmftrta | ig a efl aui S 6creient des anticorps qui som immunoreactifs avec un antigens specifique, les 
,o ^SZ^ZZ^W^^^ - primate transg 6 nique se.cn fa revendicatfcn 

4 auquel on a admin 1st r6 cet anttgene. 

13 Procede do production d'anticorps immunoreactifs avec un affligene desire lequel procede comprend le fart de 
cXer les coSes B immortalisees selon la revendication 1 2 dans to. condifons dans leeque..es ces ant.corps 

is sont secretes; et 

. le fait de recuperer les anticorps dans la culture. 

14 Pr0 cedeselonlarevendlcationl3.dans^ 

go peptidique a un peptide autre que la seule region constante de I'lg. 

15 Procede pour la production d'un mammifere non primate transgSnique comprenant un g6norne modifie ce precM* 
covenant le fait de creer one lesion dans la region J rfau moins une cop.e de I emplacement de ^cha.n lourde 
^immunoglobulins, dans lequel cette lesion conduit a I'incapacite de cene cop.e de I'emplacement de se 6a - 

2S ?anger ou d7produire un message fonctionnel codant pour une sous-unite de la chafne lourde de r.mmunoglobu- 

llne. 

16 Procede selon la revendication 15, dans lequel ce proc6de comprend en outre le fait de creer une le j^tansau 
moTns unecopied'un emplacementde lachaTne legfcrede .'immunoglobulins, cene lesion conduisant a hncapacrte 
de cet emplacement de se rearranger ou de produire un message fonctionnel codant pour cette sous-un-te de la 
ehatne legere. 

17 Procede selon les revendications 15 ou 16. comprenant le fait de creer une l6sion dans deux copies de Templa- 
cement de la chafne lourde de rimmunoglobullne et/ou des lestons dans deux cop.es de cet emplacement de la 

as . ehatne legere de I'immunoglobuline. 

18 Procede selon I'une quelconque des revendications IS a 17, comprenant le fait d'incorporer a ce genome un 
emplacement de I'immunogtobu.^e codant pour une chains fcgere ou une chafne lourde xenogemques ou les 

deux. 

19. Precede selon I'une quelconque des revendications 15 a 18, dans lequel ce mammifere non primate est un murin. 

20. Procede selon rune quelconque des revendications 1 5 a 1 9. dans lequel I'immunoglobuline xenogenique est hu- 
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21 Procede selon I'une quelconque des revendications 18 a 20. dans lequel I'lg xenogenique comprend une region 
' variable unie par une liaison peptidique a un peptide autre que la aeule region constante de I Ig. 

22 Procede pour la production d'une cellule souche embryonnaire (ES) cfun mammifere non primate comprenant un 
oSrnlmodifie ce procede comprenant le fait de creer une l6sion dans au moms une cop.e de la eg,on J de 
T^^T^l c^ZiU. rimmunog.obu.ine, dans lequel cette lesion conduit a ''^P^^ e 9 
S de .^placement de se rearranger ou de produire un message fonc.ionne. codant pour une sous-unrte de 
lachaine lourde de I'immunoglobuline: et 

qui comprend en outre faeultativement 

a) le fait de creer une lesion dans au moins une copie d'un emplacement de la chafne legere de 

bulme cene lesion entrafnant I'incapacite de cet emplacement de se rearranger ou de produ.re un message 

fonctionnel codant pour cette sous-unite de chalne legere; et/ou 
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b) le fait d'incorporer au gdnome de cas cellules ES un emplacement de I'immunogiobuline codant pour une 
chalne legere ou pour une chaTne lourde xenogdnlques ou les deux. 

23* Proc6d6 pour la production de cellules 8 tmmorrallades qui secrdtent des aniicorps, iesquels sorn immunorSactite 
s avee un antigfcne speclfique, ce proeddS comprenant le fait d'obtenir les cellules 8 immortalis6es d panir d'un 

mammifere non primate transgSnique selon la revindication 4 ou la revendication 18 auquel on a administrd cet 
antigene. 

\ 
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